1/7 

Katherine Barabash, et at. 
SCK IL920030014US1 



GARBAGE 
COLLECTOR 



TRACE OBJECT 
CONNECTIVITY 
GRAPH FROM 
ROOT OBJECTS TO 
ALL REACHABLE 
OBJECTS, MARK 
ALL TRACED 
OBJECTS 



CARD CLEANING 



FOR EACH 
MARKED CARD: 



UN MARK CARD 


1 


r 



TRACE EACH 
MARKED OBJECT 
ON CARD TO ITS 
UNMARKED 
REFERENTS, MARK 
EACH UNMARKED 
REFERENT 



I 



TRACE MARKED 
REFERENTS OF 
MARKED CARD 
OBJECTS TO ALL 

REACHABLE 
OBJECTS, MARK 
ALL TRACED 
OBJECTS 



MUTATOR 



START 



FOR 



EACH 



OBJECT POINTER 
MODIFICATION, 

MARK THE 
OBJECT'S CARD 



© 



T 

© 



SUSPEND NON-GC 
PROCESSING 



TRACE UNMARKED 

REFERENTS OF 
ROOT OBJECTS TO 
ALL REACHABLE 
OBJECTS, MARK 
ALL TRACED 
OBJECTS 



PERFORM CARD 
CLEANING 



RECLAIM 
UNMARKED 
OBJECTS 

I 



RESTART 
PROCESSING 






r 






FINISH 





Fig. 1 



2/7 

SCK IL920030014US1 



GARBAGE 
COLLECTOR 



TRACE OBJECT 
CONNECTIVITY 
GRAPH FROM 
ROOT OBJECTS TO 
ALL REACHABLE 
OBJECTS, MARK 
ALL TRACED 
OBJECTS 



CARD CLEANING 



FOR EACH 
MARKED CARD: 



UNMARK CARD 




r 



TRACE EACH 
MARKED OBJECT 
ON CARD TO ITS 
UNMARKED 
REFERENTS. MARK 
EACH UNMARKED 
REFERENT 



I 



TRACE MARKED 
REFERENTS OF 
MARKED CARD 
OBJECTS TO ALL 

REACHABLE 
OBJECTS, MARK 
ALL TRACED 
OBJECTS 



T 

© 



MUTATOR 



START 



TRACE A GIVEN 
OBJECT ONLY IF 
THE OBJECT'S 
CARD IS NOT 
MARKED 



FOR EACH 
OBJECT POINTER 
MODIFICATION, 

MARK THE 
OBJECT'S CARD 



f 



T 

© 



SUSPEND NON-GC 
PROCESSING 



TRACE UNMARKED 

REFERENTS OF 
ROOT OBJECTS TO 
ALL REACHABLE 
OBJECTS, MARK 
ALL TRACED 
OBJECTS 

I 



PERFORM CARD 
CLEANING 



RECLAIM 
UNMARKED 
OBJECTS 



RESTART 
PROCESSING 



FINISH 



Fig. 2 



3/7 

SCK IL920030014US1 



GARBAGE 
COLLECTOR 



MUTATOR 



START 



TRACE OBJECT 
CONNECTIVITY 
GRAPH FROM 
ROOT OBJECTS TO 
ALL REACHABLE 
OBJECTS, MARK 
1 ALL TRACED 
OBJECTS 



CARD CLEANING 



FOR EACH 
MARKED CARD: 



UNMARK CARD 


1 





TRACE EACH 
MARKED OBJECT 
ON CARD TO ITS 
UNMARKED 
REFERENTS, MARK 
EACH UNMARKED 
REFERENT 



I 



TRACE MARKED 
REFERENTS OF 
MARKED CARD 
OBJECTS TO ALL 

REACHABLE 
OBJECTS, MARK 
ALL TRACED 
OBJECTS 



T 

© 



© 



FOR EACH 
OBJECT POINTER 
MODIFICATION, 

MARK THE 
OBJECT'S CARD 
ONLY IF THERE IS 

AT LEAST ONE 
MARKED OBJECT 
ALREADY ON THE 
CARD 



SUSPEND NON-GC 
PROCESSING 



© 



TRACE UNMARKED 

REFERENTS OF 
ROOT OBJECTS TO 
ALL REACHABLE 
OBJECTS, MARK 
ALL TRACED 
OBJECTS 



PERFORM CARD 
CLEANING 



RECLAIM 
UNMARKED 
OBJECTS 



RESTART 
PROCESSING 



FINISH 



Fig. 3 



4/7 

SCK IL920030014US1 



GARBAGE 
COLLECTOR 



TRACE OBJECT 
CONNECTIVITY 
GRAPH FROM 
ROOT OBJECTS TO 
ALL REACHABLE 
OBJECTS, MARK 
ALL TRACED 
OBJECTS 



CARD CLEANING 



FOR EACH 
MARKED CARD: 



UNMARK CARD 


1 


r 



TRACE EACH 
MARKED OBJECT 
ON CARD TO ITS 
UNMARKED 
REFERENTS, MARK 
EACH UNMARKED 
REFERENT 



I 



TRACE MARKED 
REFERENTS OF 
MARKED CARD 
OBJECTS TO ALL 

REACHABLE 
OBJECTS, MARK 
ALL TRACED 
OBJECTS 



T 

© 



MUTATOR 



START 



TRACE A GIVEN 
OBJECT ONLY IF 
THE OBJECT'S 
CARD IS NOT 
MARKED 



© 



FOR EACH 
OBJECT POINTER 
MODIFICATION, 

MARK THE 
OBJECT'S CARD 
ONLY IF THERE IS 

AT LEAST ONE 
MARKED OBJECT 
ALREADY ON THE 
CARD 



SUSPEND NON-GC 
PROCESSING 



TRACE UNMARKED 

REFERENTS OF 
ROOT OBJECTS TO 
ALL REACHABLE 
OBJECTS, MARK 
ALL TRACED 
OBJECTS 

I 



PERFORM CARD 
CLEANING 



RECLAIM 
UNMARKED 
OBJECTS 



RESTART 
PROCESSING 



FINISH 



Fig. 4 




5/7 

SCK IL920030014US1 



GARBAGE 
COLLECTOR 



TRACE OBJECT 
CONNECTIVITY 
GRAPH FROM 
ROOT OBJECTS TO 
ALL REACHABLE 
OBJECTS, MARK 
ALL TRACED 
OBJECTS 



CARD CLEANING 



FOR EACH 
MARKED CARD: 



UNMARK CARD 




f 



TRACE EACH 
MARKED OBJECT 
ON CARD TO ITS 
UNMARKED 
REFERENTS, MARK 
EACH UNMARKED 
REFERENT 



I 



TRACE MARKED 
REFERENTS OF 
MARKED CARD 
OBJECTS TO ALL 

REACHABLE 
OBJECTS, MARK 
ALL TRACED 
OBJECTS 



T 

© 



MUTATOR 



START 



■i 
i 
i 



PERIODICALLY 
UNMARK MARKED 

CARDS 
CONTAINING NO 
MARKED OBJECTS 



FOR EACH 
OBJECT POINTER 
MODIFICATION, 

MARK THE 
OBJECT'S CARD 



© 



SUSPEND NON-GC 
PROCESSING 



TRACE UNMARKED 

REFERENTS OF 
ROOT OBJECTS TO 
ALL REACHABLE 
OBJECTS, MARK 
ALL TRACED 
OBJECTS 



1 



PERFORM CARD 
CLEANING 

I 



RECLAIM 
UNMARKED 
OBJECTS 



RESTART 
PROCESSING 



FINISH 



Fig. 5 



6/7 

SCK IL920030014US1 



GARBAGE 
COLLECTOR 



TRACE OBJECT 
CONNECTIVITY 
GRAPH FROM 
ROOT OBJECTS TO 
ALL REACHABLE 
OBJECTS, MARK 
ALL TRACED 
OBJECTS 



CARD CLEANING 



FOR EACH 
MARKED CARD: 



UNMARK CARD 




f 



TRACE EACH 
MARKED OBJECT 
ON CARD TO ITS 
UNMARKED 
REFERENTS, MARK 
EACH UNMARKED 
REFERENT 



TRACE 



MARKED 



REFERENTS OF 
MARKED CARD 
OBJECTS TO ALL 

REACHABLE 
OBJECTS, MARK 
ALL TRACED 
OBJECTS 



START 



■ i 
i 
i 

♦ 



PERIODICALLY 
UNMARK MARKED 

CARDS 
CONTAINING NO 
MARKED OBJECTS 



TRACE A GIVEN 
OBJECT ONLY IF 
THE OBJECT'S 
CARD IS NOT 
MARKED 



MUTATOR 



FOR EACH 
OBJECT POINTER 
MODIFICATION, 

MARK THE 
OBJECT'S CARD 



© 
© 



SUSPEND NON-GC 
PROCESSING 



TRACE UNMARKED 

REFERENTS OF 
ROOT OBJECTS TO 
ALL REACHABLE 
OBJECTS, MARK 
ALL TRACED 
OBJECTS 



PERFORM CARD 
CLEANING 



RECLAIM 
UNMARKED 
OBJECTS 



RESTART 
PROCESSING 



7/7 

SCK IL920030014US1 



GARBAGE 
COLLECTOR 



TRACE OBJECT 
CONNECTIVITY 
GRAPH FROM 
ROOT OBJECTS TO 
ALL REACHABLE 
OBJECTS, MARK 
ALL TRACED 
OBJECTS 



CARD CLEANING 



FOR EACH 
MARKED CARD: 



UNMARK CARD 


1 


f 



TRACE EACH 
MARKED OBJECT 
ON CARD TO ITS 
UNMARKED 
REFERENTS, MARK 
EACH UNMARKED 
REFERENT 



TRACE MARKED 
REFERENTS OF 
MARKED CARD 
OBJECTS TO ALL 

REACHABLE 
OBJECTS, MARK 
ALL TRACED 
OBJECTS 



T 
0 



START 



DEFER TRACING 
OF "NEW" 
OBJECTS 



0 
1 



SUSPEND NON-GC 
PROCESSING 



1 



TRACE UNMARKED 

REFERENTS OF 
ROOT OBJECTS TO 
ALL REACHABLE 
OBJECTS, MARK 
ALL TRACED 
OBJECTS 

i 



PERFORM CARD 
CLEANING 



RECLAIM 
UNMARKED 
OBJECTS 



RESTART 
PROCESSING 



FINISH 



Fig. 7 



MUTATOR 



FOR EACH 
OBJECT POINTER 
MODIFICATION, 

MARK THE 
OBJECT'S CARD 



DESIGNATE 
RECENTLY 
ALLOCATED 
OBJECTS AS 
"NEW" 



PERIODICALLY 
UNMARK CARDS 
THAT HAVE ONLY 
"NEW" OBJECTS 

AND REMOVE 
THEIR OBJECTS' 

"NEW- 
DESIGNATIONS 



© 



